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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an electrode 
having a less mixture layer formed with an electrode 
catalyst layer infiltrated into an electrode substrate 
when using a porous conductive sheet as the 
electrode substrate. 

SOLUTION: The electrode comprises, at least, an 
electrode substrate and an electrode catalyst layer, 
the electrode catalyst layer being infiltrated into the 
electrode substrate to form the mixture layer, the 
mixture layer having a thickness of 20 |xm or less. 
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* NOTICES * 

JPO and NCIPI are not responsible £or any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of ttie Invention] 
[0001] 

[Field of the Invention] This invention relates to the electrodes or film-electrode complex which are used for 

a fuel cell or various electrochemistry equipments, and those manufacture approaches. 

[0002] 

[Description of the Prior Art] A fuel cell is the low power plant of the burden to an environment at low 
excretions and high energy effectiveness. For this reason, it is in the limelight again in the rise to earth 
environmental protection in recent years. Compared with the conventional large-scale generation-of- 
electrical-energy facility, it is the power plant expected also in the future as power plants of a mobile, such 
as a comparatively small-scale distributed generation-of-electrical-energy facility, an automobile, and a 
vessel. 

[0003] There is a class of a solid-state macromolecule mold, a phosphoric-acid mold, a solid acid ghost 
mold, a melting carbonate mold, alkali mold, etc. of fuel cells according to the class of electrolyte used. 
Especially, compared with other fuel cells, warm-up time of an operating temperature is short at low 
temperature, and a polymer electrolyte fiiel cell has the descriptions which high power tends to acquire, like 
that it can count upon small lightweight-ization, and it is strong to vibration, and fits the power source of 
supply of a mobile. 

[0004] The fuel cell is constituted considering the eel into which the electrolyte used as the anode with 
which the reaction which bears a generation of electrical energy occurs, the electrode of a cathode, and an 
anode and the ion conductor between cathodes was inserted with the separator between each as a unit. The 
electrode consists of promotion of gaseous diffusion, an electrode substrate (it is also called a charge 
collector) which performs ** (**) **, and an electrode catalyst bed which actually serves as an 
electrochemical reaction place. For example, in the anode electrode of a polymer electrolyte fuel cell, fuel 
gas reacts on a catalyst fi-ont face, a proton and an electron are produced, an electron is conducted to an 
electrode substrate, and a proton is conducted to the electrolytic proton exchange film. For this reason, it is 
required for an anode electrode that gaseous diffusion nature, electronic conductivity, and ionic conduction 
nature should be good. On the other hand, in a cathode electrode, the proton which oxidation gas has 
conducted fi*om the electrolyte on the catalyst bed front face, and the electron conducted ft-om the electrode 
substrate react, and water is generated. For this reason, it is also necessary to discharge efficiently the water 
generated with gaseous diffusion nature, electronic conductivity, and ionic conduction nature. 
[0005] From such a point, in the electrode substrate (charge collector), it had conductivity, and the good 
porosity electric conduction sheet of gas permeability has been used. For example, the thing of JP,6- 
207 10, A, JP,7-326362,A, or JP,7-220735,A is proposed. The charge collector indicated by these consists of 
a porous carbon plate to which it comes to bind the carbon fiber of short die length with carbon. 
[0006] 

[Problem(s) to be Solved by the Invention] Although the above-mentioned porosity electric conduction 
sheet of gas permeability was good, when coating of the electrode catalyst bed was carried out on the sheet, 
the catalyst coating liquid into a hole permeated and the lump phenomenon was seen. The catalyst which is 
not used effectively will increase according to this catalyst **** lump phenomenon. Since the catalyst of 
noble metals is used in a fuel cell, that the catalyst which is not used effectively increases leads to the cost 
rise of an electrode. Especially a polymer electrolyte fuel cell has the high expectation for an automotive 
application. Cost also serves as an important factor with the engine performance at adaptation in an 
automotive application. If low cost-ization is made, as for the current polymer electrolyte fuel cell, much 
more spread is expected. For this reason, the electrode with few catalyst **** Iximps was called for. 
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[0007] By solving the above-mentioned technical problem and obtaining an electrode w^ith few catalyst **** 
lumps, the use effectiveness of this invention of a catalyst improves and it aims at the low cost-ized 
electrode by the amount reduction of catalysts being obtained. 

[Means for Solving the Problem] In this invention, in order to solve the above-mentioned technical problem, 
it has the following configuration. 

[0008] That is, in the electrode which consists of an electrode substrate and an electrode catalyst bed at least, 
the electrode of this invention is characterized by the thickness of this mixolimnion being 20 micrometers or 
less while this electrode catalyst bed permeates and it forms the mixolimnion into this electrode substrate. 
[0009] Moreover, although the manufacture approach of the electrode of this invention is manufactured by 
preparing an electrode catalyst bed on an electrode substrate, it is characterized by applying electrode 
catalyst coating liquid on this electrode substrate, and preparing this electrode catalyst bed. 
[0010] Furthermore, the electrode of this invention is applied to film-electrode complex (MEA), and also is 
applied also to usual electrochemistry equipment, especially a polymer electrolyte fuel cell, and is applied 
also to the mobile and automobile using this fuel cell. 
[0011] 

[Embodiment of the Invention] Hereafter, the gestalt of desirable operation of this invention is explained. 
[0012] This invention is characterized by the thickness of the mixolimnion to which this electrode catalyst 
bed permeates into this electrode substrate being 20 micrometers or less in the electrode which consists of 
an electrode substrate and an electrode catalyst bed at least, and neither the electrode substrate used here nor 
especially an electrode catalyst bed is limited, 

[0013] Since the mixolimnion in this invention is a layer to which an electrode catalyst bed permeates into 
an electrode substrate, the layer (henceforth a pure electrode catalyst bed) constituted by only the 
constituents (for example, polymer containing a catalyst metal, a catalyst particle, carbon black, and a 
fluorine atom etc.) of the electrode catalyst bed which does not contain an electrode substrate is not 
contained in said mixolimnion. Therefore, it is calculated by the thickness of a pure electrode catalyst bed 
not being included in the thickness of the mixolimnion of this invention, and excepting it. However, in the 
electrode of this invention, it does not bar also having said pure electrode catalyst bed. Therefore, a pure 
electrode catalyst bed may also be contained in the electrode catalyst bed of this invention with a 
mixolimnion. 

[0014] In this invention, if there are few electrode substrates that an electrode catalyst bed permeates into an 
electrode substrate, in some of layers or fields, the condition that the component of an electrode catalyst 
exists in the opening part in which the component of an electrode substrate does not exist is meant. The 
manufacture approach that the electrode catalyst component of the liquid condition which is not solidified or 
fixed to the electrode substrate already formed to be sure is formed by ******** is one of the suitable 
manufacturing methods of the mixolimnion of this invention, or an electrode catalyst bed. However, the 
mixolimnion or electrode catalyst bed of this invention does not necessarily mean limiting, if formed by this 
manufacture approach. 

[001 5] It cannot be overemphasized that the thickness of the mixolimnion in this invention is average 
thickness, therefore it is technical within the limits of this invention as long as it is filling with the average, 
even if there is a part with which the numerical range of this invention is not filled locally. 1 5 micrometers 
or less of thickness of said mixolimnion are 10 micrometers or less still more preferably preferably. In 
addition, although not limited especially, it is desirable that it is 3 micrometers or more, and it is more 
desirable that it is 5 micrometers or more. When less [ when it exceeds said upper limit, the amount of 
catalysts for which many permeate lumps are used effectively will fall, and / than said lower limit ] and 
film-electrode complex is created, resistance may become large and it is because it is not desirable. 
[0016] In this invention, the thickness of the mixolimnion to which an electrode catalyst bed permeates into 
an electrode substrate can be checked by scanning electron microscope (SEM) observation of an electrode 
cross section. Generally, an electrode substrate is a vesicular structure, and since an electrode catalyst bed is 
the structure filled up with the particle, the mixolimnion which the electrode catalyst particle to the inside of 
a porous electrode substrate permeated is observed. Moreover, the mixolimnion to which an electrode 
catalyst bed permeates an electrode substrate may be unable to observe clearly like [ in case an electrode 
substrate contains conductive particles, such as carbon powder, ]. In such a case, asking for the thickness of 
a mixolimnion is possible by observing whether the precious metal catalyst of the platinum contained in an 
electrode catalyst permeates by the electrode substrate throat top by using together SEM and X-ray 
microanalysis (XMA) (SEM-XMA). It is possible to ask for the thickness of a mixolimnion by various 
technique, without being especially limited besides above-mentioned SEM or above-mentioned SEM-XMA. 
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[0017] In SEM-XMA, a pure electrode catalyst bed and a mixolimnion are measured in the following 
procedures. First, the interface of a conductive liner sheet and a pure electrode catalyst bed is checked from 
SEM observation, and the thickness of a pure electrode catalyst bed is measxired. Next, existence of Pt used 
for an electrode catalyst by XMA measurement is checked by the shade of a screen, and the thickness of the 
sum total of a pure electrode catalyst bed and the mixolimnion which permeated the conductive liner sheet is 
measured. It becomes possible from both difference to ask for the thickness of a mixolimnion. 
[0018] Although electric resistance is low and it is possible to use without being limited especially if ** (♦*) 
** can be performed as an electrode substrate used for this invention, the description of this invention is 
discovered especially in a porosity electric conduction sheet. As a component of an electrode substrate, that 
which is mainly concemed with conductive mineral matter is mentioned, for example, and carbon material, 
such as a baking object from a polyacrylonitrile, a baking object from a pitch, a graphite, and expanded 
graphite, stainless steel, molybdenum, titanium, etc. are illustrated as this conductive mineral matter, the 
case where especially the gestalt of conductive mineral matter is used for the electrochemistry equipment 
which uses a gas for an electrode active material like a fiiel cell although the shape of fibrous or a particle 
etc. is not limited ~ the fibrous conductivity mineral matter (inorganic conductivity fiber) from the point of 
gas permeability — especially a carbon fiber is desirable, as the porosity electric conduction sheet using 
inorganic conductivity fiber ~ textile fabrics or a nonwoven fabric — any structure is usable. For example, 
the carbon cross made from the carbon paper TGP series by Toray Industries, Inc., SO series, and E-TEK 
etc. is used. 

[0019] That whose thickness when applying the uniform planar pressure of 2.9MPa(s) in the thickness 
direction is 0.02-0.3mm as an electrode substrate used for this invention is desirable. It is 0.04-0.2mm more 
preferably. When thinner than 0.02mm, in case it uses for a fiiel cell, an electrode substrate is buried in the 
gas passageway of a separator, the diffrision and permeability to the direction of a field become low, and 
reinforcement becomes it is weak and lacking in workability. When thicker than 0.3mm, the electric 
resistance of the thickness direction increases. In addition, thickness sandwiches an electrode substrate by 
tiie vitrified charcoal blank of two sheets which has a smooth front face by uniform thickness, and 
pressurizes it by the uniform planar pressure of 2.9MPa, and it asks for it from the difference of spacing of 
an up-and-down indenter [ time / of inserting with the time of not inserting an electrode substrate ]. In 
measurement of spacing of an indenter, spacing of an indenter is measured with minute displacement 
detection equipment at the both ends which face across the central point of an indenter, and spacing of an 
indenter is computed as the average of spacing of both ends. In order to consider as uniform planar pressure, 
one indenter makes adjustable the include angle which receives in a round support and the pressurization 
side of an up-and-down indenter makes. 

[0020] The thickness measured by the planar pressure of 13kPa of the electrode substrate which serves as 
the above-mentioned thickness when the uniform planar pressure of 2.9MPa(s) is applied in the thickness 
direction has 0.1-2.0 desirablemm, and its 0.2-1. 2mm is more desirable. If it exceeds 2mm, an electrode 
substrate becomes bulky, an electrode substrate will be suitable in the thickness direction, or the 
reinforcement of electrode equipments will become weak. In order to make it the thickness of less than 
0.1mm, the need of binding an electrode substrate firmly by a lot of high polymers comes out. 
[0021] It is desirable that it is 10 - 220 g/m2 as eyes of an electrode substrate. It is 20 - 120 g/m2 more 
preferably. In less than two 10 g/m, the reinforcement of an electrode substrate becomes low. Moreover, 
when it constructs on the polyelectrolyte film, a catalyst bed, and the time of unification of an electrode 
substrate and a cell, an electrode substrate becomes thin and the difftxsion / transparency effectiveness to the 
direction of a field becomes inadequate. When 220 g/m2 was exceeded and it constructs on a cell, an 
electrode substrate becomes thick and resistance becomes large. 

[0022] When the uniform planar pressure of 2.9MPa(s) is applied in the thickness direction, as for the 
consistency of an electrode substrate, it is desirable that it is 0.3 - 0.8 g/cm3. 0.35 - 0.7 g/cm3 is more 
desirable, and 0.4 - 0.6 g/cm3 is still more desirable. It asks for the consistency of the electrode substrate 
when applying the uniform planar pressure of 2.9MPa(s) in the thickness direction by count from the 
thickness of the electrode substrate when applying the uniform planar pressure of 2.9MPa(s) in the eyes and 
the thickness direction of an electrode substrate. In order for an electrode substrate to make diffusion and 
permeability high, it is necessary to make porosity high but, and if the consistency when applying the 
uniform planar pressure of 2.9MPa(s) in the thickness direction becomes larger than 0.8 g/cm3, porosity will 
fall and diffusion and permeability will become inadequate. Moreover, if smaller than 0.3 g/cm3, the 
resistance of the thickness direction will become large. 
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[0023] As for an electrode substrate, it is desirable that the pressure loss at the time of making 14cm 
[/second ] air penetrate in the thickness direction in the condition of not performing pressurization by the 
planar pressure to the thickness direction is below 98Pa (lOmmAq) in respect of the gaseous diffusion 
nature of an electrode substrate. Below 29Pa (3mmAq) is more desirable, and below 9.8Pa (InunAq) is still 
more desirable. 

[0024] More than the 0.49N/10mm width of face of the tensile strength of an electrode substrate is desirable, 
more than its 1 .96N/10mm width of face is more desirable, and more than its 4.9N/10mm width of face is 
still more desirable. When tensile strength is low, there is a problem that possibility that a sheet will be 
damaged increases, in high order processing of electrode equipments. 

[0025] In case an electrode substrate is used as the time of unification of the polyelectrolyte film, a catalyst 
bed, and an electrode substrate, or a cell, it is pressurized in the thickness direction and may break. 
Moreover, since it is pressurized in the thickness direction where a fluting separator is faced when using it 
as a cell, in addition to a big pressure being applied to the part which faces the crest of a fluting separator, 
the part which faces a crest and the boundary of a trough tends to break. When an electrode substrate breaks, 
omission of the broken inorganic conductivity matter, the fall of an electrode substrate on the strength, 
electric resistance increase of the direction of a field, etc. may take place, and the electrode engine 
performance may fall. 

[0026] It is desirable that the weight percentage reduction after an electrode substrate's applying the uniform 
planar pressure of 2.9MPa(s) in the thickness direction for 2 minutes and canceling the planar pressure of 
the above-mentioned thing is 3% or less. It is because there is a problem of the electrode substrate with 
weight percentage reduction higher than 3% being weak after planar pressure discharge, and being easy to 
break in handling. Thereby, it is hard to break at the time of pressurization, and can prevent that it becomes 
impossible to use a fiiel cell by destruction of an electrode substrate. It is 1 % or less still more preferably 2% 
or less preferably. 

[0027] In addition, measurement of weight percentage reduction is performed by [ as being the following ]. 
First, an electrode substrate is cut into a roxind shape witii a diameter of 46mm, and weight is measured. 
Next, it is larger than the electrode substrate, and the electrode substrate cut by the vitrified charcoal blank 
of two sheets which has a smooth fi-ont face is inserted, it pressurizes so that it may become the pressure of 
2,9MPa(s) per area of an electrode substrate, and it maintains for 2 minutes. A pressure is removed, an 
electrode substrate is taken out, the direction of a field is turned perpendicularly, and it is made to fall fi-om 
height of 30mm. After performing this fall 10 times, weight is measured, and weight percentage reduction is 
computed. 

[0028] Measurement of the electric resistance R of an electrode substrate is based on a degree. Two test 
electrode plates with which copper foil with width of face of 50mm, a die length [ of 200mm ], and a 
thickness of 0.1mm was stuck on one side of the vitrified charcoal blank which has the flat surface where a 
fi*ont face with width of face of 50mm, a die length [ of 200mm ], and a thickness of 1 .5mm is smooth are 
prepared. Two test electrode plates keep uniform spacing substantial, and it is made for the fields of a 
vitrified charcoal blank to be countered and located in them. The terminal for currents is prepared in each 
end of two test electrode plates, and the terminal for electrical potential differences is prepared in each other 
end. The sheet with a diameter of 46mm cut down circularly is inserted in said gap, and is laid in the center 
section of two test electrode plates. A test electrode plate is moved so that the pressure of 0.98MPa(s) may 
act on the laid sheet. With the terminal for currents, the current of 1 A is passed between two test electrode 
plates. With the terminal for electrical potential differences, electrical-potential-difference [ at this time ] V 
(V) is measured. The value of the measured electrical potential difference V is used, and Resistance R 
(momega and cm2) is called for by the degree type. 
R=Vx2.3x2.3xpixl000 — here, pi is a circular constant. 

[0029] It is desirable that it is two or less 100m ohm-cm, as for the electric resistance of a porosity 
conductive liner sheet, it is more desirable that it is two or less 50m ohm-cm, and it is still more desirable 
that it is two or less 1 5m ohm-cm. It is desirable that it is two or less 1 50m ohm-cm, as for the electric 
resistance of the electrode substrate which contains a water-repellent fluororesin like the after-mentioned, it 
is more desirable that it is two or less 70m ohm-cm, and it is still more desirable that it is two or less 30m 
ohm-cm. 

[0030] the electrode substrate of the above [ electrode substrate ] — in addition, the porosity electric 
conduction sheet the die length of inorganic conductivity fiber is at least 3mm, and is [ sheet ] at least 5 
times the thickness of a sheet can also be used including the paper-like sheet which comes to bind with a 
high polymer the inorganic conductivity fiber by which orientation was substantially carried out in the 
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random direction into the 2-dimensional flat surface. Here, the thickness of a sheet is JIS. It measures 
according to P81 18. Planar pressure at the time of measurement is taken as 13kPa(s). The semantics of 
saying [ that orientation of the inorganic conductivity fiber is substantially carried out into a 2-dimensional 
flat surface ] means that it lies so that inorganic conductivity fiber may form one field in general. The short 
circuit with a counter electrode and the breakage of inorganic conductivity fiber by inorganic conductivity 
fiber can be prevented by this. 

[0031] Although the die length of inorganic conductivity fiber is at least 3nun or more in order to make the 
reinforcement and handling nature of an electrode substrate high and to carry out orientation of the inorganic 
conductivity fiber into a 2-dimensional flat surface substantially, 6mm or more costs 4.5mm or more still 
more preferably preferably. In less than 3mm, it becomes difficult to maintain reinforcement and handling 
nature. Moreover, in order to make the orientation of the inorganic conductivity fiber carry out in the 
random direction into a 2-dimensional flat surface substantially, the die length of inorganic conductivity 
fiber is preferably made into 12 or more times still more preferably 8 or more times 5 or more-time thick 
Mino of an electrode substrate. In less than 5 times, reservation of two-dimension orientation becomes 
difficult. In order to make the orientation of the upper limit of the die length of inorganic conductivity fiber 
carry out in the random direction into a 2-dimensional flat surface substantially, its 30mm or less is 
desirable, and it is more desirable, and is still more desirable. [ of 8mm or less ] [ of 1 5nma or less ] If 
inorganic conductivity fiber is too long, it will be easy to generate a maldistribution, and while much fiber 
has been bundles-like, it may remain. In that case, a bundle-like part has low voidage, since the thickness at 
the time of pressurization becomes thick, a high pressure is applied at the time of pressurization, and 
problems, such as destruction of an electrode substrate, polyelectrolyte film, and local lamination of an 
electrode catalyst bed, become easy to arise. 

[0032] Moreover, as for the gestalt of inorganic conductivity fiber, it is desirable that it is a straight line-like 
so that a short circuit with the counter electrode by fiber can be prevented more completely. Here, when die- 
length L (mm) which exists in the die-length direction of fiber where the external force which bends 
inorganic conductivity fiber is removed is taken, inorganic straight-line-like conductivity fiber measures gap 
[ fi-om linearity ] delta (mm) to die-length L, and means that whose delta/L is 0.1 or less in general. On the 
other hand, when making the orientation of the nonlinear-like fiber carry out in the random direction into a 
2-dimensional flat surface substantially, it has the fault of being easy to tum to the direction of three 
dimensions. 

[0033] In creation of an electrode substrate, there are a wet method which is made to distribute inorganic 
conductivity fiber and mills paper in the medium of a liquid, and dry process which is made to distribute 
inorganic conductivity fiber and is made to lie in air as an approach of making the orientation of the 
inorganic conductivity fiber carrying out in the random direction into a 2-dimensional flat surface 
substantially. In order to carry out orientation of the inorganic conductivity fiber into a 2-dimensional flat 
surface substantially certainly, and in order to make reinforcement of inorganic conductivity fiber high, a 
wet method, especially the so-called paper-making method are desirable. 

[0034] In order to prevent breakage of the inorganic conductivity matter at the time of pressurization and to 
make weight percentage reduction of an electrode substrate into 3% or less as mentioned above in an 
electrode substrate, its carbon staple fiber which cut the carbon fiber is desirable, as for the fiber to be used, 
what applied tension at the time of heat treatment is more desirable, and what was extended at the time of 
heat treatment is still more desirable. 

[0035] As a carbon fiber, a polyacrylonitrile (PAN) system carbon fiber, a phenol system carbon fiber, a 
pitch based carbon fiber, a rayon system carbon fiber, etc. are illustrated. Especially, a PAN system carbon 
fiber is desirable. As for a PAN system carbon fiber, compared with a pitch based carbon fiber, whenever 
[ compressive-strength and **** breaking extension ] is large, and it cannot break easily. This is considered 
to be based on the difference of crystallization of the carbon which constitutes a carbon fiber. In order to 
obtain the carbon fiber into which it is hard to break, the heat treatment temperature of a carbon fiber has 
desirable 2,500 degrees C or less, and its 2,000 degrees C or less are more desirable. 
[0036] The carbon staple fiber used into the electrode substrate of this invention is good for a diameter D 
(micrometer), tensile strength sigma (MPa), and relation with a modulus of elasticity in tension E (MPa) to 
have satisfied the degree type. The electrode substrate which consists of such a carbon staple fiber is for 
being hard to break. Namely, the diameter of a carbon staple fiber is thin, tensile strength is strong, as for a 
carbon staple fiber, the one where a modulus of elasticity in tension is lower cannot break easily, and an 
electrode substrate stops being able to break easily at the time of pressurization. 
sigma/(ExD) >=0.5xl0-3 ~ here ~ the tensile strength of a carbon fiber, and a modulus of elasticity in 
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tension — JIS It measures according to R7601 . In the case of the flat carbon fiber of a cross section, let the 
average (a+b) (/2) of a major axis (a) and a minor axis (b) be a diameter. When the carbon staple fiber with 
which classes differ is mixed, the value which carried out the weighted mean about D, sigma, and E, 
respectively is used. It is sigma/(ExD) >=l.lxlO-3 preferably, and is sigma/(ExD) >=2.4xl0-3 more 
preferably. 

[0037] Whenever [ **** breaking extension / of a carbon staple fiber ] is 1 .2% or more preferably [ that it is 
0.7% or more ] because of the reinforcement of an electrode substrate, and more preferably, and is 1 ,8% or 
more still more preferably. Whenever [ **** breaking extension ] is the value which **(ed) tensile strength 
(sigma) by the modulus of elasticity in tension (E). 

[0038] Moreover, since breakage of a carbon staple fiber is generated in various situations, it is desirable 
that they are 500 or more MPas, as for the tensile strength of a carbon staple fiber, it is more desirable that 
they are 1,000 or more MPas, and it is still more desirable [ tensile strength ] that they are 2,000 or more 
MPas. 

[0039] As for the diameter of the inorganic conductivity fiber used for an electrode substrate, it is desirable 
that it is 20 micrometers or less. 12 micrometers or less are more desirable and 8 micrometers or less are still 
more desirable. On the surface of an electrode substrate, an opening 5 to 10 times the diameter of the 
diameter of inorganic conductivity fiber is observed. This opening will become large if the diameter of fiber 
becomes thick. The conductive interlayer of this invention controls that the electrode engine performance 
falls, when an electrode catalyst bed permeates this opening. Since it will be necessary to thicken a 
conductive interlayer and will check gas permeability and eccritic [ of water ] if this opening is too large, the 
thinner one of the diameter of fiber is desirable. Moreover, inorganic conductivity fiber cannot break easily 
at the time of the pressurization of the thickness direction, so that it is thin. On the other hand, if the 
diameter of inorganic conductivity fiber becomes thin too much, since permeation to the electrode substrate 
of a catalyst bed will stop being able to happen easily at the time of unification, as for the diameter of fiber, 
it is desirable that it is 2 micrometers or more. When the fiber fi*om which a diameter differs is mixed, it 
asks for a diameter with a weighted mean. 

[0040] Below 200micro ohm-m of the volume resistivity of the inorganic conductivity fiber used for an 
electrode substrate is desirable because of the reduction in resistance of an electrode substrate, below its 
SOmicro ohm-m is more desirable, and below its ISmicro ohm-m is still more desirable. Measurement of the 
volume resistivity of inorganic conductivity fiber is JIS. It carries out according to R7601 . When the fiber 
length defined by said measurement formula is not obtained, it measures by the obtained fiber length. 
[0041] When using a carbon fiber for an electrode substrate, that whose atomic ratio (an oxygen atomic 
number / carbon atomic number) of the surface oxygen atom and carbon atom by the X-ray-photoelectron- 
spectroscopy analysis method is 0.10 or less still more preferably 0.20 or less preferably 0.35 or less is good. 
When obtaining an electrode substrate by the wet paper-making method, and the atomic ratio of an oxygen 
atom and a carbon atom is high, it is for distribution of a carbon staple fiber to become difficult and for a 
maldistribution to increase. If 0.35 is exceeded, it will become difficult to obtain a uniform electrode 
substrate. In order to make low the atomic ratio of an oxygen atom and a carbon atom, the surface 
preparation of a carbon fiber and grant of a sizing agent are stopped, or there is the approach of removing a 
surface oxygen atom by heat treatment in inactive or reducing atmosphere. 

[0042] An electrode substrate is an embodiment also with desirable also performing partial hydrofuge ** 
hydrophilic processing for forming the exhaust passage of a water-repellent finish which prevents the 
gaseous difftision and the penetrable fall by stagnation of water and which is performed for accumulating, 
and water, addition of carbonaceous powder performed in order to lower resistance. 

[0043] The electrode substrate of this invention is an embodiment also with desirable a conductive particle, 
especially a conductive inorganic particle also being included fi:*om points, such as thickness fall control at 
the time of compression, improvement in a consistency, and reduction of electric resistance, when using the 
porosity electric conduction sheet which consists of a conductive inorganic fiber as mentioned above. As 
such a conductive inorganic particle, the carbon material from electric resistance or a corrosion resistance 
point, especially a carbon particle are desirable. 

[0044] It is also desirable to use for an electrode substrate the porosity electric conduction sheet with which 
it comes to arrange the conductive inorganic particle which has flexibility especially in the shape of a sheet. 
Thereby, there are few omission of a constituent, or even if mechanical force acts, it is hard to break, and the 
purpose of electric resistance of offering a cheap electrode substrate low becomes possible. The above- 
mentioned purpose can be attained by using an expanded graphite particle as a conductive inorganic particle 
which has flexibility especially. 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 9/15/2006 



JP,2001-216972,A [DETAILED DESCRIPTION] 



Page 7 of 18 



[0045] Here, an expanded graphite particle means the graphite particle which a graphite particle is made to 
expand by heating quickly after being intercalation-compound-ized with a sulfuric acid, a nitric acid, etc., 
and is obtained. Usually, the distance between layers in the crystal structure of an expanded graphite particle 
is that [ about 50 to 500 times ] of a raw material graphite particle. 

[0046] An expanded graphite particle is rich in the deformans of a configuration in itself. This property is 
expressed by the language called flexibility. This flexibility is observed by the gestalt-compatibility of the 
expanded graphite particle to other bodies which adjoin an expanded graphite particle and it. If expanded 
graphite particles receive a pressurization operation after at least parts have overlapped, according to a 
pressurization condition, this gestalt-compatibility will deform mutually, and when particles join partially at 
least, it will be observed. Moreover, the nominal member used when they are made to arrange this gestalt- 
compatibility in the shape of a sheet in an expanded graphite particle and the condition that permeability is 
secured for example, the conductive inorganic particle which does not have the flexibility used 
conventionally [, such as carbon black, ] ~ Or when the inorganic conductivity fiber used conventionally [, 
such as a carbon fiber, ] is both pressurized, in accordance with the shape of an appearance of a nominal 
member, an expanded graphite particle is transformed and is observed by being joined to this nominal 
member. 

[0047] Although the electrode substrate of this invention is an embodiment also with desirable other 
conductive particles and conductive fiber also being included in addition to the conductive particle which 
has flexibility, the electrode substrate the both sides of this conductive fiber and a conductive particle 
excelled [ electrode substrate ] in thermal resistance, oxidation resistance, and elution-proof nature by 
consisting of an inorganic material is obtained. As a conductive inorganic particle which does not have 
flexibility, although carbon black powder, graphite powder, metal powder, ceramic powder, etc. may also be 
included, the carbon material of carbon black, graphite, or carbonaceous is preferably mentioned fi-om the 
point of electronic conductivity and corrosion resistance, for example. As such carbon material, carbon 
black, such as oil furnace black, channel black, lamp black, thermal black, and acetylene black, is desirable 
from the magnitude of electronic conductivity and specific surface area, as oil furnace black — the Cabot 
Corp. make - Balkan Peninsula XC-72, the Balkan Peninsula P, black PARUZU 880, black PARUZU 
1 100, black PARUZU 1300, black PARUZU 2000, and legal one - the KETCHIEN black EC by 400 and 
LION, and the Mitsubishi Chemical make ~ #3150, #3250, etc. mention — having — as acetylene black ~ 
DIN by DENKI KAGAKU KOGYO K.K. - a turnip a rack etc. is mentioned. Moreover, there are an 
artificial graphite, carbon, etc. which are obtained from organic compounds, such as a natural graphite 
besides carbon black, a pitch, corks, a polyacrylonitrile, phenol resin, and furan resin. Moreover, it is 
possible to also use the carbon material which carried out afler-treatment processing of these carbon 
material, the inside of such carbon material — especially Balkan Peninsula XC-72 by Cabot Corp., and DIN 
by DENKI KAGAKU KOGYO K.K. - a turnip - a rack, the LION KETCHIEN black, etc. are preferably 
used fi-om the point of electronic conductivity. 

[0048] In addition, although it should be suitably decided as an addition of the conductive particle to an 
electrode substrate according to the specific surface area of the electrode characteristic demanded or the 
matter used, electronic resistance, etc., 1 - 80% is desirable as a weight ratio in an electrode substrate, and 
20 - 60% is still more desirable. When there are few electronic conductors, electronic resistance becomes 
low, and when many, all reduce the electrode engine performance, such as checking gas permeability. 
[0049] The electrode substrate of this invention can also add a high polymer besides the above-mentioned 
conductive particle. This becomes strong to compression or tension, reinforcement and handling nature are 
raised, and the inorganic conductivity matter can separate from an electrode substrate, or can prevent turning 
to the thickness direction of an electrode substrate. In case the electrode substrate which carries out paper 
making of the inorganic conductivity staple fiber, and consists of a porosity electric conduction sheet 
especially is created, it is indispensable to use a high polymer as a binder. There are an approach of mixing 
fibrous and a granular and liquefied high polymer as an approach of making a high polymer binding, when 
making the orientation of the inorganic conductivity matter carry out in the random direction into a 2- 
dimensional flat surface substantially, an approach to which a high polymer fibrous to the aggregate with 
which orientation of the inorganic conductivity matter was substantially carried out in the random direction 
into the 2-dimensional flat surface, and liquefied is made to adhere. What the particle of a high polymer can 
distribute in liquids, such as an emulsion, dispersion, and a latex, and can be substantially dealt with as a 
liquid is contained in a liquefied concept. In order to strengthen binding of the inorganic conductivity matter 
or to make the electric resistance of an electrode substrate low, as for the polymeric material which binds the 
inorganic conductivity matter, it is desirable that they are fibrous, an emulsion, dispersion, and a latex. In 
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order to make content low in the case of a fibrous high polymer, it is desirable to use filament yam. 
[0050] As a high polymer which binds the inorganic conductivity matter The polymeric material which has 
carbon or silicon in a principal chain is desirable. For example, polyvinyl alcohol (PVA), Polyvinyl acetate 
(vinyl acetate), polyethylene terephthalate (PET), Polypropylene (PP), polyethylene, polystyrene, a 
polyvinyl chloride, Thermoplastics, such as a polyvinylidene chloride, acrylic resin, and polyurethane. 
Phenol resin, an epoxy resin, melamine resin, a urea-resin, alkyd resin. Others [ thermosetting resin /, such 
as an xmsaturated polyester resin, acrylic resin, and poljairethane resin, ], Elastomers, such as thermoplastic 
elastomer, Butadiene Styrene (SBR), and Butadiene Acrylonitrile (NBR), rubber, a cellulose, pulp, etc. can 
be used. Water-repellent treatment of an electrode substrate may be performed to binding of the inorganic 
conductivity matter and coincidence using water-repellent resin, such as a fluororesin. 
[0051] In order to make it hard to break an electrode substrate at the time of pressurization, since it will 
decrease that the high polymer's which binds the inorganic conductivity matter an electrode substrate breaks 
at the time of pressurization if the softer one is good, and soft high polymers, such as thermoplastics, an 
elastomer, rubber, a cellulose, and pulp, are used for a high polymer in using a high polymer with a fibrous 
or granular gestalt, it is desirable. Moreover, when using a high polymer with a liquefied gestalt, the 
thermosetting resin of a high polymer which denaturalized with elasticity ingredients, such as 
thermoplastics, an elastomer, rubber, and thermoplastics, an elastomer, rubber, is desirable, and an electrode 
substrate cannot break easily due to the aforementioned thermoplastics, an elastomer, and rubber at the time 
of pressurization, and it is more desirable. 

[0052] It is desirable that the compressibility in 23 degrees C is 4,000 or less MPas, as for a high polymer, it 
is more desirable that they are 2,000 or less MPas, and it is still more desirable that they are 1 ,000 or less 
MPas. The high polymer with low compressibility is for making it hard to ease the stress conceming the 
binding section, to ease the stress which makes binding hard to separate and is applied to the inorganic 
conductivity matter, and to break. 

[0053] In a cathode (an air pole, oxygen pole), the water as an electrode reaction product and the water 
which permeated the electrolyte generate a poljoner electrolyte fuel cell. Moreover, in an anode (fuel 
electrode), a fuel is humidified and supplied for desiccation prevention of the polyelectrolyte film. Since it 
becomes the hindrance at the time of dew condensation of these water and the swelling of the high polymer 
by stagnation and water supplying an electrode reaction object, the lower one of the water absorption of a 
high polymer is good. It is 7% or less more preferably 20% or less. 

[0054] It is also a desirable embodiment that a water-repellent macromolecule is included in an electrode 
substrate from such a point. Since the polymer (fluororesin) which contains fluorine atoms, such as a 
polytetrafluoroethylene (PTFE) and tetrafluoroethylene-hexafluoropropylene copolymer (FEP) and a 
tetrafluoroethylene-perfluoroalkyl vinyl ether copolymer (PFA), especially has high water repellence, it is 
used preferably. When using an electrode substrate as **(**) **** for fuel cells, a water-repellent finish is 
indispensable and the water-repellent macromolecule in that case also brings about the adhesion 
effectiveness between the conductive mineral matter which constitutes an electrode substrate. This is useful 
from the reinforcement of an electrode substrate, and the point of electric resistance. PTFE, FEP, and PFA 
have high water repellence and oxidation resistance for which a fuel cell charge collector is asked, and 
PTFE and PFA are still more desirable in order to bring about the effectiveness that electric resistance is 
low. 

[0055] As for the content to the electrode substrate of the above high polymers, it is desirable that it is in 0.1 
- 50% of the weight of the range. Although little way of the content of a high polymer is good in order to 
make the electric resistance of an electrode substrate low, at less than 0.1 % of the weight, the reinforcement 
which is equal to handling runs short, and omission of the inorganic conductivity matter also increase. On 
the contrary, if it exceeds 40 % of the weight, the problem that the electric resistance of an electrode 
substrate increases will arise. It is 10 - 30% of the weight of the range more preferably, 
[0056] The high polymer added to the electrode substrate is an embodiment also with desirable also 
calcinating above 200 degrees C. The above-mentioned fluororesin used for a water-repellent finish is 
heating more than the melting point, and water repellence and its binding property improve. Moreover, in 
high polymers other than a fluororesin, binding capacity improves by baking, and also the fall of electric 
resistance and corrosion resistance improvement are found. Especially in high polymers other than a 
fluororesin, it may be lacking in oxidation resistance, and in case it uses as electrodes for electrochemistry 
equipments, such as a fuel cell, electrode performance degradation may be brought about while in use. For 
this reason, it is desirable to calcinate, before using it for electrode creation time as an electrode, using the 
high polymer matter as a binder. 
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[0057] Especially the electrode catalyst bed in the electrode of this invention can use a well-known thing, 
without being limited. With the electrode catalyst bed, the matter contributed to the electronic conduction 
which promotes electrode reaction still more preferably, or ionic conduction is also included including the 
catalyst required for electrode reaction, or the electrode active material. Moreover, when an electrode active 
material (matter oxidized or retumed) is a gas, it is required to have the structure which the gas tends to 
penetrate, and the structure urged also to discharge of the quality of a product accompanying electrode 
reaction is required. When using the electrode of this invention for a fiiel cell, for hydrogen or oxygen, and a 
catalyst, noble-metals particles, such as platinum, and an electronic conductor are [ an electrode active 
material / proton exchange resin and the quality of a resultant of carbon black and an ion conductor ] water. 
A catalyst, an electronic conductor, and an ion conductor contact mutually, and, as for an electrode catalyst 
bed, the structure where an active material and a resultant go in and out efficiently is searched for. 
[0058] Although the catalyst included in an electrode catalyst bed can use a well-known catalyst and it is not 
especially limited when using the electrode of this invention for a fuel cell, precious metal catalysts, such as 
platinum, palladium, gold, a ruthenium, and iridium, are used preferably. Moreover, two or more sorts of 
elements, such as an alloy of these precious metal catalysts and mixture, may be contained. 
[0059] Especially as an electronic conductor (electric conduction material) contained in an electrode catalyst 
bed, although not limited, the inorganic conductivity matter is preferably used from the point of electronic 
conduction nature and corrosion resistance. Especially, carbon black, the carbon material of graphite or 
carbonaceous or a metal, and semimetal are mentioned. As such carbon material, carbon black, such as oil 
fiimace black, channel black, lamp black, thermal black, and acetylene black, is desirable from the 
magnitude of electronic conductivity and specific surface area, as oil fiimace black ~ the Cabot Corp. make 
- Balkan Peninsula XC-72, the Balkan Peninsula P, black PARUZU 880, black PARUZU 1 100, black 
PARUZU 1300, black PARUZU 2000, and legal one - the KETCHIEN black EC by 400 and LION, and 
the Mitsubishi Chemical make — #3150, #3250, etc. mention — having — as acetylene black — DIN by 
DENKI KAGAKU KOGYO K.K. ~ a turnip — a rack etc. is mentioned. Moreover, there are an artificial 
graphite, carbon, etc. which are obtained from organic compounds, such as a natural graphite besides carbon 
black, a pitch, corks, a polyacrylonitrile, phenol resin, and ftiran resin. As a gestalt of these carbon material, 
it can use fibrous besides the shape of a particle. Moreover, it is possible to also use the carbon material 
which carried out after-treatment processing of these carbon material. Also in such carbon material, Balkan 
Peninsula XC-72 by Cabot Corp. are especially used preferably from the point of electronic conductivity. 
[0060] Although it should be suitably decided as an addition of these electronic conductors according to the 
specific surface area of the electrode characteristic demanded or the matter used, electronic resistance, etc., 
1 - 80% is desirable as a weight ratio in an electrode catalyst bed, and 20 - 60% is still more desirable. When 
there are few electronic conductors, electronic resistance becomes low, and when many, all reduce the 
electrode engine performance — check gas permeability or a catalyst utilization factor falls. 
[0061] As for an electronic conductor, distributing to a catalyst particle and homogeneity is desirable in 
respect of the electrode engine performance. For this reason, the catalyst particle and the electronic 
conductor are beforehand distributed well as coating liquid, and the approach of applying this coating liquid 
on the porosity electric conduction sheet which prepared the conductive interlayer is used preferably. 
[0062] When using an electrode catalyst bed for a fuel cell, it is also a desirable embodiment to use the 
catalyst support carbon which the catalyst and the electronic conductor xmified. By using this catalyst 
support carbon, the use effectiveness of a catalyst improves and it contributes to low cost-ization. When 
catalyst support carbon is used for an electrode catalyst bed, it is also possible to add an electric conduction 
agent further. Also as such an electric conduction agent, above-mentioned carbon black is used preferably. 
[0063] It is possible to use without limiting especially a well-known thing as an ion conductor used for an 
electrode catalyst bed. As an ion conductor, although various organic and inorganic materials are well- 
known, when using for a fuel cell, the polymer which has ion exchange groups, such as a sulfonic group 
which improves proton conductivity, a carboxylic-acid radical, and a phosphoric-acid radical, is used 
preferably. The polymer which has the proton exchange group which consists of a fluoro alkyl ether side 
chain and a fluoro alkyl principal chain especially is used preferably. For example, Nafion made from 
DuPont, Aciplex by Asahi Chemical Co., Ltd., Flemion by Asahi Glass Co., Ltd., etc. are desirable. These 
ion-exchange polymers can be prepared into an electrode catalyst bed in the state of a solution or dispersion 
liquid. In this case, although especially the solvent that dissolves or decentralizes proton exchange resin is 
not limited, the soluble point of proton exchange resin to a polar solvent is desirable. You may be other 
polymers, such as a polymer, ethylene, styrene, etc. containing the above-mentioned fluorine atom which 
has a proton exchange group, these copolymers, and a blend. 
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[0064] In case an ion conductor creates an electrode catalyst bed, it is desirable from the point of the 
electrode engine performance to apply in the condition of having added beforehand to the coating liquid 
which uses an electrode catalyst particle and an electronic conductor as a main constituent, and having 
distributed to homogeneity, but after it applies an electrode catalyst bed, it may apply an ionic conductor. It 
is not limited [ flow coat / a spray coat, brush coating, a DIP coat, a die coat, a curtain coat, ] especially as 
an approach of applying an ionic conductor to an electrode catalyst bed. 

[0065] Although it should not be suitably decided as an amount of the ion conductor contained in an 
electrode catalyst bed according to the electrode characteristic demanded, the electric conductivity of the ion 
conductor used, etc. and is not limited especially, 1 - 80% is desirable at a weight ratio, and 5 - 50% is still 
more desirable. When there are few ion conductors, ionic conductivity is low, when many, it is the point 
which checks gas permeability, and the electrode engine performance is all reduced. 
[0066] The v£irious matter other than the above-mentioned catalyst, an electronic conductor, and an ion 
conductor may be included in the electrode catalyst bed. In order to raise the binding property of the matter 
contained especially in an electrode catalyst bed, it is also a desirable embodiment that polymers other than 
above-mentioned proton exchange resin are included, although it is not what the polymer containing a 
fluorine atom is mentioned as such a polymer, and is limited especially — a copolymer with the monomer of 
others for example, such as these copolymers, such as the Pori vinyl fluoride (PVF), polyvinylidene fluoride 
(PVDF), poly hexafluoropropylene (FEP), polytetrafluoroethylene, and polyperfluoro alkyl vinyl ether 
(PFA), or these monomeric units, ethylene, and styrene, — a blend etc. can be used further. As a content in 
the catalyst bed of these polymers, 5 - 40% is desirable at a weight ratio. When there are too many polymer 
contents, an electron and ion resistance increase and the electrode engine performance falls. 
[0067] An electrode catalyst bed is an embodiment also with desirable catalyst-polymer complex also 
having a three-dimensions mesh fine vesicular structure. Catalyst-polymer complex is polymer complex 
containing a catalyst particle, and it is the description that this complex has a three-dimensions mesh fine 
vesicular structure. In addition, "three-dimensions mesh fine porosity structure" means the condition of 
having the network structure of the shape of three dimensions with which catalyst-polymer complex was 
connected in three dimensions. 

[0068] When the electrode catalyst bed has the three-dimensions mesh fine vesicular structure, it is desirable 
that the diameter of fine porosity is 0.05-5 micrometers. It is 0.1-1 micrometer more preferably. The 
diameter of fine porosity is a scanning electron microscope (SEM) etc., and fi-om the photograph which 
photoed the front face, it can ask for it from the average of 100 or more pieces preferably 20 or more pieces, 
and it can usually be measured by 100 pieces. Since distribution of the diameter of fine porosity is large, as 
for the catalyst bed of the fine vesicular structure of this invention at the time of being manufactured by the 
wet coagulation method, it is desirable to take the average of as many apertures as possible. 
[0069] As for the void content of a three-dimensions mesh fine vesicular structure, it is desirable that it is 10 
- 95%. It is 50 - 90% more preferably. A void content is a percentage (%) which **(ed) what subtracted the 
volxjme which catalyst-polymer complex occupies from the whole catalyst bed product by the whole catalyst 
bed product. After applying a catalyst bed to an electrode substrate, the proton exchange film, and the other 
base material, it performs wet coagulation, but when it is difficult to ask a catalyst bed for a void content 
independently, after asking for the void content of an electrode substrate, the proton exchange film, and the , 
other base material beforehand and asking for the void content containing these base materials and a catalyst 
bed, it is also possible to ask for a catalyst bed independent void content. 

[0070] A void content is large and electronic conduction nature and its proton conductivity are [ the thing of 
the three-dimensions mesh fine vesicular structure from which especially the electrode catalyst bed was 
obtained by the wet coagulation method has good discharge of gaseous diffusion nature or generation water, 
and ] also good. Although catalyst particle diameter and the particle diameter of an addition polymer are 
increased or forming a hole using an ostomy agent etc. is performed in the conventional porosity-ization, the 
contact resistance between catalyst support carbon and between proton exchange resin will become large 
compared with an electrode catalyst bed by such porosity-ized method. Since the polymer complex which 
contained catalyst support carbon to it with the three-dimensions mesh fine vesicular structure by the wet 
coagulation method has become three-dimensions mesh-like, an electron and a proton tend to conduct this 
polymer complex, and discharge of gaseous diffusion nature or generation water also has good structure 
further for the fine vesicular structure. 

[0071] When the electrode catalyst bed has the three-dimensions fine vesicular structure, the matter used for 
a catalyst, an electronic conductor, and an ion conductor can use the same matter as usual. However, in case 
the electrode catalyst bed which has a three-dimensions mesh fine vesicular structure is created, being based 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web__cgi_ejje 9/15/2006 



JP,2001-216972,A [DETAILED DESCRIPTION] 



Page 11 of 18 



on a wet coagulation method is desirable. Therefore, in the aforementioned case, it is desirable to use the 
polymer suitable for this wet coagulation method, and it is desirable although the polymer which distributes 
a catalyst particle well and does not deteriorate in the oxidation-reducing atmosphere in a fuel cell is used, 
although it is not what the polymer containing a fluorine atom is mentioned as such a polymer, and is 
Hmited especially ~ a copolymer (for example, hexafluoropropylene-vinylidene fluoride copolymer) with 
the monomer of others for example, such as these copolymers, such as the Pori vinyl fluoride (PVF), 
polyvinylidene fluoride (PVDF), poly hexafluoropropylene (FEP), and polyperfluoro alkyl vinyl ether 
(PFA), or these monomeric units, ethylene, and styrene, — a blend etc. can be used further. 
[0072] It is an especially desirable polymer at the point that the catalyst-polymer complex which has a three- 
dimensions mesh fine vesicular structure by the wet coagulation method polyvinylidene fluoride (PVDF) 
and a hexafluoropropylene-vinylidene fluoride copolymer use a protonic polar solvent etc. as a coagulation 
solvent also in this using an aprotic polar solvent is obtained, as a solvent of these polymers, N-methyl 
pyrrolidone (NMP), dimethylformamide (DMF), dimethylacetamide (DMAC), propylene carbonate (PC), 
dimethyl imidazolidinone (DMI), etc. mention — having — as a coagulation solvent ~ lower alcohol, such as 
water, and a methanol, ethanol, isopropanol, ~ others — the various organic solvents of ester, such as ethyl 
acetate and butyl acetate, an aromatic series system, or a halogen system are used. 
[0073] In order to raise proton conductivity as a polymer of catalyst-polymer complex in addition to the 
above-mentioned polymer, the polymer which has a proton exchange group is also desirable. As a proton 
exchange group contained in such a polymer, especially although there are a sulfonic group, a carboxylic- 
acid radical, a phosphoric-acid radical, etc., it is not limited. Moreover, although the polymer which has 
such a proton exchange group is also chosen without being limited especially, the polymer which has the 
proton exchange group which consists of a fluoro alkyl ether side chain and a fluoro alkyl principal chain is 
used preferably. For example, Nafion made from DuPont etc. is desirable. Moreover, you may be other 
polymers, such as a polymer, ethylene, styrene, etc. containing the above-mentioned fluorine atom which 
has a proton exchange group, these copolymers, and a blend. 

[0074] the polymer solution of Nafion could melt the conmiercial Nafion film to the aprotic polar solvent, 
and CEuried out the solvent permutation of the Nafion solution or this Nafion solution of a water-methanol- 
isopropanol mixed solvent made from Aldrich — you may use. In this case, although the coagulation solvent 
in the case of wet coagulation should be suitably decided with the solvent of a Nafion solution, when the 
solvent of a Nafion solution is an aprotic polar solvent, as a coagulation solvent, water, various organic 
solvents besides alcohols and ester, etc. are desirable, and, in the case of a water-methanol-isopropanol 
mixed solvent etc., ester, such as butyl acetate, and various organic solvents fire used preferably. 
[0075] As for the polymer used for catalyst-polymer complex, copolymerization or blending and using are 
also desirable in the polymer containing the above-mentioned fluorine atom, or the polymer containing a 
proton exchange group. Especially the thing for which polymers, such as Nafion which has a fluoro alkyl 
ether side chain and a fluoro alkyl principal chain in a proton exchange group, are blended with 
polyvinylidene fluoride, the Pori (hexafluoropropylene-vinylidene fluoride) copolymer, etc. is desirable 
from the point of the electrode engine performance. 

[0076] Although the main components of catalyst-polymer complex are catalyst support carbon and a 
polymer, and those ratios should not be suitably decided according to the electrode characteristic needed and 
it is not especially limited, 5 / 95 - 95/5 are preferably used by the weight ratio of catalyst support carbon / 
polymer. When using as an electrode catalyst bed for polymer electrolyte fuel cells especially, 40 / 60 - 
85/15 are desirable by catalyst support carbon / polymer weight ratio. 

[0077] It is also a desirable embodiment to add various additives to catalyst-polymer complex. For example, 
although there are electric conduction agents, such as carbon of the sake on an electronic conduction 
disposition, an additive which controls the polymer for the improvement in bending and the aperture of a 
three-dimensions mesh fine vesicular structure, it can use, without being limited especially. As an addition 
of these additives, 0.1 - 50% is desirable as a weight ratio to catalyst-polymer complex, and 1 - 20% is still 
more desirable. 

[0078] As the manufacture approach of catalyst-polymer complex of having a three-dimensions mesh fine 
vesicular structure, what is depended on a wet coagulation method is desirable. After this wet coagulation 
method applies a catalyst-polymer solution constituent, this spreading layer is contacted to the coagulation 
solvent to a polymer, and coagulation deposit of a catalyst-polymer solution constituent and solvent 
extraction are performed to coincidence. 

[0079] Catalyst support carbon distributes this catalyst-polymer solution constituent to homogeneity in a 
polymer solution. The thing of the above-mentioned [ catalyst support carbon and a polymer ] is used 
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preferably. About the solvent which melts a polymer, according to the polymer used, it should not be 
decided suitably, and is not limited especially. It is important for a polymer solution to distribute catalyst 
support carbon well. When a distributed condition is bad, in the case of wet coagulation, catalyst support 
carbon and a polymer cannot form complex and are not desirable. 

[0080] Although the method of application according to viscosity, solid content, etc. of a catalyst-polymer 
solution constituent should be chosen and it should not be especially limited about the method of 
application, the general methods of application, such as a knife coating machine, a bar coating machine, a 
spray, a dip coater, a spin coater, a roll coater, a die coating machine, and a curtain coating machine, are 
used. 

[0081] On the other hand, although not limited especially about the coagulation solvent to which wet 
coagulation of the polymer is carried out, either, the solvent which is easy to carry out the coagulation 
deposit of the polymer used, and has the solvent and compatibility of a polymer solution is desirable. 
Although not especially limited about the contact approach with the coagulation solvent with which wet 
coagulation is actually performed, especially carrying out a spray etc. is not a shower ring or the thing 
limited at a spreading layer about the coagulation solvent which is immersed in a coagulation solvent the 
whole base material and which contacts only a spreading layer on the oil level of a coagulation solvent. 
[0082] Although it is possible spreading and to perform wet coagulation after that also in any of an electrode 
substrate or a solid electrolyte about the base material with which this catalyst-polymer solution constituent 
is applied, immediately after applying to an electrode substrate, it becomes possible to control a permeate 
lump of the catalyst bed to an electrode substrate by performing wet coagulation, and becomes the desirable 
embodiment of this invention. Moreover, after applying to an electrode substrate or base materials other 
than a solid electrolyte (imprint base material), performing wet coagulation after that and creating a three- 
dimensions mesh fine vesicular stracture, an electrode substrate and a solid electrolyte may be made to 
imprint or pinch this catalyst bed. As an imprint base material in this case, the sheet of 
polytetrafluoroethylene (PTFE), a glass plate, a metal plate with which the fluorine and the silicone system 
carried out release agent processing of the fi'ont face, etc. are used. 

[0083] When the electrode of this invention makes the mixolimnion to which an electrode catalyst bed 
permeates into an electrode substrate the thickness of 20 micrometers or less, especially the manufacture 
approach is not limited for the purpose of the useless thing which is not used effectively and which carry out 
catalyst reduction. Since electrode catalyst bed coating liquid is easy permeating an electrode substrate when 
using a porosity electric conduction sheet for an electrode substrate, the device not permeating is required in 
order to consider as the electrode of this invention. For example, there are approaches, such as enlarging the 
difference of the surface energy of the electrode substrate and the polymeric materials contained, and 
electrode catalyst bed coating liquid which make high viscosity of electrode catalyst bed coating liquid. 
[0084] If viscosity of electrode catalyst bed coating liquid is made high, the permeate lump by the porosity 
electric conduction sheet will be controlled. In order to raise viscosity, the approach of adding various 
thickeners is in the catalyst bed coating liquid which makes high molecular weight of the high polymer 
contained in catalyst bed coating liquid which makes high solid content ratios other than the solvent of 
catalyst bed coating liquid. As an example of a thickener, although carbon black, such as high molecular 
compounds, such as celluloses, such as higher alcohol, such as polyhydric alcohol, such as a glycerol, and 
an octanol, a carboxymethyl cellulose, and hydroxypropylcellulose, polyvinyl alcohol, and a polyvinyl 
pyrrolidone, acetylene black, and KETCHIEN black, is desirable, it is not limited especially. 
[0085] When using the surface energy difference of an electrode substrate, and the polymer and electrode 
catalyst bed coating liquid contained, it is that the static contact angle of an electrode substrate and electrode 
catalyst bed coating liquid considers as 50 degrees or more (preferably 70 degrees or more), and it is 
possible to control a permeate lump. When using for a fiiel cell, in order that an electrode substrate may give 
a water-repellent finish, surface fi-ee energy is low including the fluororesin. For this reason, a static contact 
angle increases and permeates by using the electrode catalyst bed coating liquid containing the big solvent 
of surface fi"ee energy, and lump control is made. Proton exchange resin is contained in the electrode 
catalyst bed as an ion conductor. For this reason, in such a case, the catalyst bed coating liquid containing 
ion exchange resin contains water, it permeates because a static contact angle becomes large, and lump 
control is made. If N-methyl pyrrolidone besides water is used for the solvent of electrode catalyst bed 
coating liquid when a fluororesin is contained in an electrode substrate, a static contact angle will become 
large, and will permeate and lump control will be made. Measurement of a static contact angle is good by 
the general measuring method [ say / a micro syringe dropping one drop of catalyst bed coating liquid on a 
base material, and measuring vmder a microscope firom a side face ]. 
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[0086] The electrode of this invention is an embodiment also with desirable also considering as film- 
electrode complex (MEA:Membrane Electrode Assembly) by combining a solid electrolyte layer. 
[0087] Especially if it is the solid electrolyte used for the usual fuel cell as a solid electrolyte which 
constitutes the solid electrolyte layer, it is not limited, but when the proton exchange film discovers the fuel 
cell engine performance of this invention, it is used preferably. It is not limited [ radical / a sulfonic group, a 
carboxylic-acid radical, / phosphoric-acid ] especially as a proton exchange group of the proton exchange 
film. 

[0088] Although this proton exchange film should be suitably chosen according to the application and the 
environment where it is divided roughly into the perfluoro system of the copolymer which consists of a 
hydrocarbon system, and a fluorine atom content polymer especially a fluoro alkyl ether side chain and 
fluoro alkyl principal chains, such as a styrene-divinylbenzene copolymer which has the above-mentioned 
proton exchange group, especially a sulfonic group, and a fuel cell is used, a fluorine atom content polymer, 
especially its perfluoro system are desirable from the point of a fuel cell life. Moreover, the partial fluorine 
film which carried out the fluorine atom permutation partially is also used preferably. By the perfluoro film, 
Nafion made from DuPont, Asahi Chemical Aciplex, Asahi Glass Flemion, Japan Gore-Tex Goa-select, etc. 
are illustrated, and there are some which introduced the sulfonic group into the polymer and polyvinylidene 
fluoride of a trifluoro styrene sulfonic acid in the partial fluorine film. Moreover, the proton exchange film 
can use one sort of not only polymers but the bipolar membrane which stuck the copolymer of two or more 
sorts of polymers, and blend polymer and two or more sorts of film, the film which reinforced the proton 
exchange film with the nonwoven fabric, the porous film, etc. 

[0089] It is not limited especially as the manufacture approach of film-electrode complex. Although an 
electrode catalyst bed is prepared on an electrode substrate, an electrode is generally created and this 
electrode is joined to solid electrolytes, such as proton exchange film, according to the property of an 
electrode catalyst bed or electrochemistry equipment, it should be suitably decided also about this junction 
condition. 

[0090] When hamessing the property of the electrode of this invention, the manufacture approach of MEA 
by creating beforehand the electrode which consists of an electrode substrate and an electrode catalyst bed 
two sheets, arranging so that the electrode catalyst bed side of each electrode may meet the proton exchange 
film in the proton exchange film among these electrodes of two sheets, making this proton exchange film 
**** from said electrode of two sheets, and joining is desirable, this junction — warming ~ although it 
becomes a press, it is not limited especially about this condition, either. Generally, press temperature is 20 
degrees C - 200 degrees C, and a press pressure is lMPa-20MPa. 

[0091] It is also the desirable manufacture approach to perform the process (process A) which prepares said 
electrode catalyst bed in front flesh-side both sides of the proton exchange film, and the process (process B) 
which prepares an electrode substrate in both the lateral surface of this electrode catalyst bed in this order as 
the other film-electrode complex manufacture approaches. This approach is an approach whose creation of 
MEA which consists of an electrode of this invention at the point which controls the catalyst bed **** lump 
by the base material is enabled in order not to perform catalyst bed spreading to an electrode substrate. 
[0092] The MEA manufacture approach of carrying out coating of the electrode catalyst bed coating liquid 
on the proton exchange film, and preparing an electrode substrate after that especially is also desirable. In 
this case, since it is easy to swell the proton exchange film which applies catalyst coating liquid with water 
or an organic solvent, the solvent used for catalyst bed coating liquid needs to choose the solvent which 
cannot swell the proton exchange film easily. However, proton exchange resin will be contained in catalyst 
bed coating liquid, it will get down, and the proton exchange film will be swollen or melted in the solvent 
which dissolves this proton exchange resin. For this reason, in catalyst bed coating liquid, it is desirable to 
use the solvent distributed with gestalten, such as an emulsion, without dissolving the proton exchange resin 
contained. For example, it is not limited especially although the approach of solvent-removing the 
dispersion liquid of the approach of solvent-removing a proton exchange-resin solution, drying, grinding, 
and mixing and distributing the obtained proton exchange-resin powder and catalyst support carbon in the 
solvent which is not made to swell the proton-exchange film, or a proton exchange-resin solution and 
catalyst support carbon, drying, grinding, and re-distributing the obtained powder to proton exchange resin 
and the solvent do not swell etc. is mentioned. 

[0093] Furthermore, in the above-mentioned process A, it is also the desirable MEA manufacture approach 
to apply electrode catalyst coating liquid on an electrode substrate or imprint base materials other than the 
proton exchange film, to form an electrode catalyst bed, and to imprint this on the proton exchange film. It is 
possible to use imprint base materials which consist of fluororesins, such as various kinds of resin, or PTFE, 
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PFA, FEP, such as a sheet and a film, a glass plate, etc. as an imprint base material in this case. It is possible 
to imprint on the proton exchange film by carrying out coating of the electrode catalyst bed to especially a 
sheet and a film, and carrying out the roll press of it to the proton exchange film. 

[0094] Moreover, in the above-mentioned process B, it is also the desirable MEA manufacture approach to 
prepare an electrode substrate by carrying out coating of the matter v^hich constitutes an electrode substrate 
to the proton exchange film. MEA is created in inorganic conductivity fiber and the particle which constitute 
an electrode substrate liquefied or by spraying the proton exchange film which prepared the electrode 
catalyst bed by the shape of a soHd-state. When the inorganic conductivity matter which constitutes an 
electrode substrate especially is a carbon staple fiber, it is also desirable to carry out coating by creating 
beforehand the dispersion liquid containing this and a fluorine atom content polymer, and spraying these 
dispersion liquid on the proton exchange film which prepared the electrode catalyst bed. 
[0095] The film-electrode complex (MEA) which consists of the electrode which consists of the electrode 
substrate and electrode catalyst bed of this invention or this electrode, and a solid-electrolyte membrane can 
be adapted for various electrochemistry equipments. Inside or a fuel cell, and a water electrolysis layer are 
desirable, and still more suitable for a polymer electrolyte fiiel cell also in a fiiel cell. Although there are 
what uses hydrogen as a fiiel, and a thing which uses hydrocarbons, such as a methanol, as a fiiel in a fiiel 
cell, it can use without being limited especially. 

[0096] Furthermore, although it thinks especially as an application of the fiiel cell using the electrode 
catalyst bed of this invention, without being limited, in a polymer electrolyte fiiel cell, the power source of 
supply of the mobile which is a usefiil application is desirable. It is a mobile with automobiles, such as a 
passenger car, a bus, and a truck, especially desirable a vessel, a railroad, etc. 
[0097] 

[Example] It explains further using an example per detail of this invention below. 

[0098] Using carbon paper (Toray Industries TGP-H -060) as a creation porosity electric conduction sheet 
of an example 1 (1) electrode substrate, it sank into PTFE dispersion liquid (Daikin Industries make: Pori 
Flon TFE D-1, 0.2 to 0.4 micrometer dispersion mean particle diameter, 60 % of the weight, water solution), 
and this was calcinated at 370 degrees C after desiccation. PTFE was attached and the amount was 20 % of 
the weight. 

[0099] (2) The Nafion solution made fi^om Aldrich of preparation marketing of catalyst bed coating liquid (5 
% of the weight) was condensed, and it could be 15 % of the weight. Catalyst support carbon (catalyst ;P. t, 
VulcanXCmade fi"om carbon;Cabot- 72, amount of platinum support;50v^%) 3g was added to lOg of this 
concentration Nafion solution, and the catalyst bed coating liquid which stirs well and consists of a catalyst- 
polymer constituent was prepared, 

[0100] (3) On the porosity electric conduction sheet created with spreading of electrode catalyst bed coating 
liquid, and the creation above (1) of the electrode by desiccation, the catalyst bed coating liquid prepared 
above (2) was applied, it dried, and the electrode which consists of an electrode substrate and an electrode 
catalyst bed was created. Amount 0.5 mg/cm2 with platinum and Nafion were attached, and the obtained 
electrode was amount 0.3 mg/cm2. 

[0101] Distribution of platinum according the cross-section SEM photograph of this electrode to X-ray 
microanalysis is shown in drawing 1 (1) again at drawing 1 (3). The pure catalyst bed in which the thickness 
of the mixolimnion which the electrode catalyst bed permeated to the electrode substrate does not contain 1 0 
micrometers and a mixolimnion was 15 micrometers, 

[0102] Like the creation example 1 of the example 1(1) electrode substrate of a comparison, using carbon 
paper (Toray Industries TGP-H -060) as a porosity electric conduction sheet, it sank into PTFE dispersion 
liquid (Daikin Industries make: Pori Flon PTFE dispersion), £ind this was calcinated at 370 degrees C after 
desiccation. PTFE was attached and the amount was 20 % of the weight. 

[0103] (2) Catalyst support carbon (catalyst ;P. t, VulcanXCmade ft-om carbon;Cabot- 72, amount of 
platinum support;50wt%) was added using the Nafion solution made fi-om Aldrich of preparation marketing 
of catalyst bed coating liquid (5 % of the weight) as it is, and the catalyst bed coating liquid which stirs well 
and consists of a catalyst-polymer constituent was prepared. 

[0104] (3) On the porosity electric conduction sheet created with spreading of electrode catalyst bed coating 
liquid, and the creation above (1) of the electrode by desiccation, the catalyst bed coating liquid prepared 
above (2) was applied, it dried, and the electrode which consists of an electrode substrate and an electrode 
catalyst bed was created. Amount 0.5 mg/cm2 with platinum and Nafion were attached, and the obtained 
electrode was amount 0.3 mg/cm2. 

[0105] The thickness of the mixolinmion which the electrode catalyst bed permeated fi-om the cross-section 
http://www4,ipdl.ncipi.go.jp/cgi-bin/tran_web_cgiejje 9/15/2006 



JP,2001-216972,A [DETAILED DESCRIPTION] 



Page 15 of 18 



SEM photograph of this electrode to the electrode substrate was 40 micrometers. 

[0106] Using carbon paper (Toray Industries TGP-H -060) as a creation porosity electric conduction sheet 
of an example 2 (1) electrode substrate, it sank into PFA dispersion liquid (Daikin Industries make: neo 
chlorofluocarbon PFA AD-2CR), and this was calcinated at 320 degrees C after desiccation. PFA was 
attached and the amount was 20 % of the weight. 

[0107] (2) The carboxymethyl cellulose was added 0.1% of the weight as a thickener in the Nafion solution 
made from Aldrich of preparation marketing of catalyst bed coating liquid (5 % of the weight). The catalyst 
bed coating liquid which adds catalyst support carbon (catalyst ;P. t, VulcanXCmade from carbon;Cabot- 
72, amount of platinum support;50wt%) to this, stirs to it well, and becomes it from a catalyst-polymer 
constituent was prepared. 

[0108] (3) On the porosity electric conduction sheet created with spreading of electrode catalyst bed coating 
liquid, and the creation above (1) of the electrode by desiccation, the catalyst bed coating liquid prepared 
above (2) was applied, it dried, and the electrode which consists of an electrode substrate and an electrode 
catalyst bed was created. Amount 0.5 mg/cm2 with platinum and Nafion were attached, and the obtained 
electrode was amount 0.3 mg/cm2. 

[0109] The thickness of the mixolimnion which the electrode catalyst bed permeated from the cross-section 
SEM photograph of this electrode to the electrode substrate was 10 micrometers. 
[01 10] Like the creation example 2 of an example 3 (1) electrode substrate, using carbon paper (Toray 
Industries TGP-H -060) as a porosity electric conduction sheet, it sank into PFA dispersion liquid (Daikin 
Industries make: neo chlorofluocarbon PFA dispersion), and this was calcinated at 320 degrees C after 
desiccation. PFA was attached and the amount was 20 % of the weight. 

[01 1 1] (2) N-methyl pyrrolidone was added condensing the Nafion solution made from Aldrich of 
preparation marketing of catalyst bed coating liquid (5 % of the weight), and the solvent permutation was 
performed. The obtained Nafion solution was 10 % of the weight. Catalyst support carbon (catalyst ;P. t, 
VulcanXCmade from carbon;Cabot- 72, amount of platinum support; 50wt%) was added to this, and the 
catalyst bed coating liquid which stirs well and consists of a catalyst-polymer constituent was prepared. 
[01 12] (3) On the porosity electric conduction sheet created with spreading of a catalyst-polymer 
constituent, and the creation above (1) of the electrode catalyst bed by desiccation, the catalyst bed coating 
liquid prepared above (2) was applied, it dried, and the electrode which consists of an electrode substrate 
and an electrode catalyst bed was created. Amount 0.5 mg/cm2 with platinimi and Nafion were attached, 
and the obtained electrode was amount 0.3 mg/cm2. 

[0113] The static contact angle at the time of putting one drop of catalyst bed coating liquid on this electrode 
substrate was 90 degrees. 

[0114] The thickness of the mixolinmion which the electrode catalyst bed permeated from the cross-section 
SEM photograph of this electrode to the electrode substrate was 1 5 micrometers. 
[01 15] Like the creation example 1 of an example 4 (1) electrode substrate, using carbon paper (Toray 
Industries TGP-H -060) as a porosity electric conduction sheet, it sank into PTFE dispersion liquid (Daikin 
Industries make: Pori Flon PTFE dispersion), and this was calcinated at 370 degrees C after desiccation. 
PTFE was attached and the amount was 20 % of the weight. 

[0116] (2) The Nafion solution made from Aldrich of preparation marketing of catalyst bed coating liquid (5 
% of the weight) was condensed, and it could be 10 % of the weight. Catalyst support carbon (catalyst ;P. t, 
VulcanXCmade from carbon;Cabot- 72, amount of platinum support; 50wt%) was added to this, and the 
catalyst bed coating liquid which stirs well and consists of a catalyst-polymer constituent was prepared. 
[0117] (3) The electrode which consists of an electrode substrate and a fine porosity structure electrode 
catalyst bed was created by immersing and drying to butyl acetate immediately after applying the catalyst 
bed coating liquid prepared above (2) on the porosity electric conduction sheet created with the creation 
above (1) of spreading of an electrode catalyst bed, wet coagulation, and the fine porosity structure electrode 
by desiccation. Amount 0.5 mg/cm2 with platinum and Nafion were attached, and the obtained electrode 
was amount 0.3 mg/cm2. 

[01 18] The thickness of the mixolimnion which the electrode catalyst bed permeated from the cross-section 
SEM photograph of this electrode to the electrode substrate was 10 micrometers. 

[0119] The staple fiber and expanded graphite powder (the Toyo Tanso make, bulk density 0.14 g/cm3, the 
meein diameter 1 00, or 200 micrometers) of a PAN system carbon fiber which were cut into creation die 
length of 12mm of an example 5(1) porosity electric conduction sheet were mixed to 1 :1 by the weight ratio, 
and it distributed in the sodium carboxymethyl-cellulose water solution. The sheet with which expanded 
graphite powder adhered to the staple fiber of a carbon fiber was milled on the wire gauze using tiiese 
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dispersion liquid. The filter paper of two sheets was lightly pressurized on both sides of the sheet in order to 
remove moisture. Then, the filter paper was removed and the sheet was dried. The roll press of the sheet was 
carried out after desiccation, and the porosity electric conduction sheet was manufactured. The obtained 
sheets were 80 g/m2. 

[0120] (2) After performing 200 degrees C and heat treatment for 30 minutes for the porosity electric 
conduction sheet created with the creation above (1) of an electrode substrate in air, it sank in, PFA 
dispersion (neo chlorofluocarbon PFA dispersion, Daikin Industries, LTD. make) was inserted into the filter 
paper of two sheets, and it pressurized and dried lightly. Furthermore 400 degrees C and heat treatment of 3 
hours were performed, pressurizing this sheet by 14.7kPa (0.15 kgf/cm2), and the porosity electric 
conduction sheet was manufactured. PFA was attached and the amount was 15 % of the weight. 
[0121] (3) N-methyl pyrrolidone was added condensing the Nafion solution made from Aldrich of creation 
marketing of an electrode catalyst bed (5 % of the weight), and the solvent permutation was performed. The 
obtained Nafion solution was 10 % of the weight. Catalyst support carbon (catalyst ;P. t, VulcanXCmade 
from carbon;Cabot- 72, amount of platinum support;50wt%) was added to this, and the catalyst bed coating 
liquid which stirs well and consists of a catalyst-polymer constituent was prepared. 

[0122] (4) On the porosity electric conduction sheet created with spreading of electrode catalyst bed coating 
liquid, and the creation above (2) of the electrode by desiccation, the catalyst bed coating liquid prepared 
above (3) was applied, it dried, and the electrode which consists of an electrode substrate and an electrode 
catalyst bed was created. Amount 0.5 mg/cm2 with platinum and Nafion were attached, and the obtained 
electrode was amount 0.3 mg/cm2. 

[0123] The static contact angle at the time of putting one drop of catalyst bed coating liquid on this electrode 
substrate was 90 degrees. 

[0124] The thickness of the mixolimnion which the electrode catalyst bed permeated from the cross-section 

SEM photograph of this electrode to the electrode substrate was 1 5 micrometers. 

[0125] The electrode was created like the creation example 2 of an example 6 (1) electrode. 

[0126] (2) Film-electrode complex (ME A) 

The electrode created in the above (1) was prepared two sheets, and it ****(ed) by making an electrode 
catalyst bed side counter from the both sides of the proton exchange film (Nafion 112 made from DuPont). 
The hotpress was performed for this by 150 degrees C and 150MPa, and MEA was created. 
[0127] When SEM observation of this cross section of MEA was carried out, the thickness of the 
mixolimnion which the electrode catalyst bed permeated to the electrode substrate was 10 micrometers. 
[0128] (3) MEA created in the ftiel cell performance-evaluation above (2) of MEA performed the fiiel cell 
performance evaluation by current-electrical-potential-difference (I-V) measurement. Evaluation eel 
temperature set hydrogen and cathode (oxidation) gas to air, gas pressure set 70 degrees C and anode (fuel) 
gas to ordinary pressure, it is horsepower output 450 mW/cm2, and the good engine performance was 
shown. 

[0129] MEA was created like the example 6 using the electrode created in the example 1 of example of 
comparison 2 comparison. 

[0130] In SEM observation of this MEA cross section, the thickness of the mixolimnion to which the 
electrode catalyst bed permeated the electrode substrate was 30micro. 

[0131] Furthermore, although I-V measurement of this MEA was carried out on the same conditions as an 
example 6, compared with horsepower output 250 mW/cm2 and an example 6, it was low-power output, and 
was the inferior engine performance. 

[0132] The proton exchange resin solution (Nafion solution made from Aldrich) of creation marketing of 
example 7(1) electrode catalyst bed coating liquid was freeze-dried, frost shattering was performed, and 
proton exchange resin powder was created. 1.5g of this powder, and catalyst support carbon (catalyst ;P. t, 
VulcanXCmade from carbon;Cabot- 72, amount of platinum support;50wt%) 3g — lOg of butyl acetate — in 
addition, mixing and distribution were fiiUy performed and catalyst bed coating liquid was created. 
[0133] (2) The electrode catalyst bed coating liquid created in the creation above (1) of MEA was used, and 
it applied and dried to both sides of the commercial proton exchange film (Nafion 112 made from DuPont). 
From these both sides, the carbon cross (ELAT made from E-TEK) was made to **** as an electrode 
substrate, and MEA was created. 

[0134] When cross-section SEM observation of obtained MEA was performed, the thickness of the 
mixolimnion which the electrode catalyst bed permeated to the electrode substrate was 5 micrometers. 
[0135] (3) MEA created in the fuel cell performance-evaluation above (2) of MEA performed the fuel cell 
performance evaluation by current-electrical-potential-difference (I-V) measurement. Evaluation eel 
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temperature set hydrogen and cathode (oxidation) gas into oxygen, gas pressure set 70 degrees C and anode 
(fuel) gas to ordinary pressure, it is 2 the horsepower output of 800m W/cm, and the good engine 
performance was shown. 

[0136] The solvent Ig, in addition after fully performing mixing and distribution was desiccation-removed 
for catalyst support carbon (catalyst ;P. t, VulcanXCmade from carbon;Cabot- 72, amount of platinum 
support;50wt%) in lOg (5% of Nafion solutions made from Aldrich) of proton exchange resin solutions of 
creation marketing of example 8(1) electrode catalyst bed coating liquid, it ground in them, and powder was 
obtained. Dioxane 8g was added to this powder, mixing and distribution were fiiUy performed, and catalyst 
bed coating liquid was created. 

[0137] (2) ME A was created using the electrode substrate created in the electrode catalyst bed coating liquid 
created in the above (1), and the example 5 (1) as well as the creation example 7 of MEA (2). From cross- 
section SEM observation of obtained MEA, the thickness of a mixolimnion was 5 micrometers. 
[0138] (3) MEA created in the fiiel cell performance-evaluation above (2) of MEA performed the fiiel cell 
performance evaluation by current-electrical-potential-difference (I-V) measurement. Evaluation eel 
temperature set hydrogen and cathode (oxidation) gas to air, gas pressure set 80 degrees C and anode (fiiel) 
gas to 0.2MPa(s), it is horsepower output 850 mW/cm2, and the good engine performance was shown. 
[0139] The electrode substrate was created like the creation example 5 (1) of an example 9 (1) electrode 
substrate, and (2). 

[0140] (2) Catalyst support carbon (catalyst ;P. t, VulcanXCmade from carbon;Cabot- 72, amount of 
platinum support;50wt%) was added to the Nafion solution made from Aldrich of creation marketing of an 
electrode catalyst bed (5 % of the weight), and the catalyst bed coating liquid which stirs well and consists 
of a catalyst-polymer constituent was prepared. This catalyst bed coating liquid was applied on the Teflon 
sheet with a ttiickness of 100 micrometers, it dried, and the electrode catalyst bed was created. Amount 0.5 
mg/cm2 with platinum and Nafion were attached, and the obtained electrode catalyst bed was amount 0.3 
mg/cm2. 

[0141] (3) Two electrode catalyst beds created in the imprint above (2) of the electrode catalyst bed to the 
proton exchange film were prepared, and it ****(ed) by making an electrode catalyst bed side counter from 
the both sides of the proton exchange film (Nafion 112 made from DuPont). The roll press of this was 
carried out, the electrode catalyst bed was imprinted to the proton exchange film, and the proton exchange 
film with an electrode catalyst bed was created. 

[0142] (4) Two electrode substrates created above (1) were made to **** from both sides using the proton 
exchange film with an electrode catalyst bed created with the creation above (3) of MEA, and MEA was 
created. From this cross-section SEM observation of MEA, the thickness of a mixolimnion was 5 
micrometers. 

[0143] (5) MEA created in the performance-evaluation above (4) of MEA performed the fiiel cell 
performance evaluation by current-electrical-potential-difference (I-V) measurement. Evaluation eel 
temperature set hydrogen and cathode (oxidation) gas to air, gas pressure set 60 degrees C and anode (fijel) 
gas to ordinary pressure, it is horsepower output 350 mW/cm2, and the good engine performance was 
shown. 

[0144] The proton exchange resin solution (Nafion solution made from Aldrich) of creation marketing of 
example 10(1) electrode catalyst bed coating liquid was freeze-dried, frost shattering was performed, and 
proton exchange resin powder was created. 1.5g of this powder, and catalyst support carbon (catalyst ;P. t, 
VulcanXCmade from carbon;Cabot- 72, amount of platinum support;50wt%) 3g — lOg of butyl acetate — in 
addition, mixing and distribution were fully performed and catalyst bed coating liquid was created. 
[0145] (2) The staple fiber and expanded graphite powder (the Toyo Tanso make, bulk density 0.14 g/cm3, 
the mean diameter 100, or 200 micrometers) of a PAN system carbon fiber which were cut into creation die 
length of 12mm of electrode substrate coating liquid were mixed to 1 :1 by the weight ratio, it fully mixed 
and distributed at PFA dispersion (neo chlorofluocarbon PFA dispersion, Daikin Industries, LTD. make), 
and electrode substrate coating liquid was created. PFA was attached and the amount was 1 5 % of the 
weight. 

[0146] (3) The electrode catalyst bed coating liquid created in the creation above (1) of MEA was used, and 
it applied and dried to both sides of the commercial proton exchange film (Nafion 112 made from DuPont). 
From these both sides, the electrode catalyst bed coating liquid created with the above (2) was applied, it 
dried, and MEA was created. 

[0147] From the cross section SEM of obtained MEA, the thickness of a mixolimnion was 5 micrometers. 
[0148] (4) MEA created in the performance-evaluation above (3) of MEA performed the fiiel cell 
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performance evaluation by current-electrical-potential-difference (I-V) measurement. Evaluation eel 
temperature set hydrogen and cathode (oxidation) gas into oxygen, gas pressure set 70 degrees C and anode 
(fuel) gas to ordinary pressure, it is 2 the horsepower output of 500mW/cm, and the good engine 
performance was shown. 
[0149] 

[Effect of the Invention] An electrode with few catalyst **** lumps is obtained by this invention, therefore 
the use effectiveness of a catalyst improves and the low cost-ized electrode by the amount reduction of 
catalysts is obtained. 

[0150] The electrode of this invention is applied to film-electrode complex (MEA), and also is applied also 
to usual electrochemistry equipment, especially a polymer electrolyte fiiel cell, and is applied also to the 
mobile and automobile using this fuel cell. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible £or any 
damages caused by the use of tbis translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The electrode characterized by the thickness of this mixolimnion being 20 micrometers or less 

while this electrode catalyst bed permeates and forming the mixolimnion into this electrode substrate at least 

in the electrode which consists of an electrode substrate and an electrode catalyst bed. 

[Claim 2] The electrode according to claim 1 whose thickness of a mixolimnion is 10 micrometers or less. 

[Claim 3] The electrode according to claim 1 or 2 whose electrode substrate is a porosity electric conduction 

sheet. 

[Claim 4] The electrode according to claim 3 whose porosity electric conduction sheet is the thing of the 
textile-fabrics structure using inorganic conductivity fiber, or non-woven fabric structure. 
[Claim 5] The electrode according to claim 4 whose inorganic conductivity fiber is a carbon fiber. 
[Claim 6] The electrode according to claim 1 to 5 with which an electrode substrate contains a conductive 
particle. 

[Claim 7] The electrode according to claim 6 whose conductive particle is carbon material. 

[Claim 8] The electrode containing the polymer in which an electrode substrate contains a fluorine atom 

according to claim 1 to 7. 

[Claim 9] The electrode according to claim 1 to 8 with which an electrode catalyst bed contains the element 
more than a kind chosen from the group which consists of platinum, palladium, gold, a ruthenium, and 
iridium at least. 

[Claim 10] The electrode according to claim 1 to 9 with which an electrode catalyst bed contains carbon 
black. 

[Claim 1 1] The electrode containing the poljmier in which an electrode catalyst bed contains a fluorine atom 
according to claim 1 to 10. 

[Claim 12] The electrode containing the polymer in which an electrode catalyst bed has a proton exchange 
group according to claim 1 to 1 1 . 

[Claim 13] The manufacture approach of the electrode according to claim 1 to 12 characterized by applying 
electrode catalyst coating liquid on an electrode substrate. 

[Claim 14] The manufacture approach of an electrode according to claim 13 that the static contact angle of 
an electrode substrate and electrode catalyst coating liquid is 50 degrees or more. 

[Claim 15] Film-electrode complex which consists of an electrode according to claim 1 to 12 and proton 
exchange film. 

[Claim 16] Film-electrode complex according to claim 15 whose proton exchange film is a fluorine atom 
content polymer. 

[Claim 17] Film-electrode complex according to claim 16 which is the polymer which consists of a fluoro 
alkyl ether side chain with which a fluorine atom content polymer has a sulfonic group, and a fluoro alkyl 
principal chain. 

[Claim 1 8] The manufacture approach of the film-electrode complex characterized by arranging the proton 
exchange film between two electrodes according to claim 1 to 1 2 so that the electrode catalyst bed side of 
each of said electrode may meet this proton exchange film, making this proton exchange film pinch with 
said electrode of two sheets, and joining. 

[Claim 1 9] The manufacture approach of the film-electrode complex characterized by performing the 
process (process A) which prepares an electrode catalyst bed in front flesh-side both sides of the proton 
exchange film, and the process (process B) which prepares an electrode substrate in both the lateral surface 
of this electrode catalyst bed in this order. 

[Claim 20] The manufacture approach of the film-electrode complex according to claim 19 which is a thing 
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including the process at which Process A applies electrode catalyst coating liquid on the proton exchange 

film. 

[Claim 21] The manufacture approach of the film-electrode complex according to claim 19 which is that to 
which Process A applies electrode catalyst coating liquid on an imprint base material, forms an electrode 
catalyst bed, and imprints this on the proton exchange film. 

[Claim 22] The manufacture approach of the film-electrode complex according to claim 19 to 21 which is 
what carries out coating of the matter with which Process B constitutes an electrode substrate. 
[Claim 23] The manufacture approach of film-electrode complex according to claim 22 that the matter 
which constitutes an electrode substrate is dispersion liquid containing a carbon staple fiber and a fluorine 
atom content poljoner. 

[Claim 24] Electrochemistry equipment using an electrode according to claim 1 to 12. 

[Claim 25] Electrochemistry equipment using film-electrode complex according to claim 15 to 17. 

[Claim 26] Water electrolysis equipment using an electrode according to claim 1 to 12. 

[Claim 27] Water electrolysis equipment using film-electrode complex according to claim 15 to 17. 

[Claim 28] The fiiel cell using an electrode according to claim 1 to 12. 

[Claim 29] The fiiel cell using film-electrode complex according to claim 15 to 17. 

[Claim 30] The fuel cell according to claim 28 or 29 using a solid-state macromolecule mold electrolyte. 

[Claim 31] The mobile which makes a fiael cell according to claim 28 to 30 a power source of supply. 

[Claim 32] The automobile which makes a fiiel cell according to claim 28 to 30 a power source of supply. 



[Translation done.] 
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DRAWINGS 



[Drawing 1] 
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